We describe a radioimmunoassay fortotalestrogens in urine.Estrogens are extractedby adsorptionon XAD-2 resin, eluted withmethanol, and acid-hydrolyzed.Estrogens are then determined ina dilutedaliquotof the hydrolysate. Within-run coefficients of variation for estriol values between 6.0 and 100 tg/L were less than 5%; between-run CV was 19.6% atan estriol concentrationof 16.8 tg/L.
A correlation coefficient of 0.96 was found on comparison ofthe radioimmunoassay (y)witha standardfluorometric assay (x); the regressionequation isy = 2.18 x -6.70 pg/L. Determination on pregnancy and non-pregnancy urinecan be done within4 h.
Urinary estrogens aremeasured primarily tomonitorestriol excretion during pregnancy and to evaluatethe functional status oftheovaries. Marked variations in estrogen excretion are associated with several gonadal and pituitarymalfunctions, including ovarian tumors, primary ovarian agenesis, and precocious puberty in the female. Although estriol can be measured during pregnancy by more traditional techniques, radioimmunoassay (RIA) is becoming the method of choice and is almost a necessity for quantitating the low estrogen excretion that can be present in some dysfunctions.
Chu et al.
(1) reported a method for assaying urinary estrongens in non-pregnancy urine by chromatography on XAD-2 resinfollowed by gas-chromatographic fractionation.
Anderson and Gueblesmann (2) describeda method fordirect estriol quantitation by RIA after acid hydrolysis. We have used XAD-2 resin extraction before acid hydrolysis and coupled this with a specific radioimmunoassay for tot.al estrogens.
The assay can be performed by one technician in less than 4 h.
Materials and Methods

Equipment
Centrifuge, non-refrigerated, Model UV; International Equipment Co., Needham Heights, MA 02194.
Liquid scintillation counter, Model LS 100C; Beckman Instruments, Inc., Fullerton, CA 92634.
Reagents
Methanol, reagent grade.
Phosphate/gelatin buffer,pH 7.0. Dissolve 8.7 g of sodium phosphate (dibasic), 5.4g of sodium phosphate (monobasic), 1.0g of sodium azide,9.0 g of sodium chloride,and 1.0g of gelatinin 1 L of distilled water.
Bicarbonate buffer,1.7mol/L, pH 10.0 ± 0.5.Dissolve 80 g of NaHCO3 in 800 mL of water, add 150 mL of 5 mol/L NaOH, and dilutewith water to 1 L. 
Antiserum
Rabbit anti-estriol-3,lGa,17f3-trihemisuccinate/human serum albumin antiserum was obtained from Radioassay Systems Laboratories, Carson, CA 90746. The batch used for this study, 31Q-5-2, cross reacted 100% with 17a-estradiol, 17fl-estradiol, estrone, and estriol, but less than 0.01% with cholesterol, C19 steroids, or C21 steroids.
The stock antiserum was stored at -20 #{176}C until used. Before each assay, an aliquot sufficient for the daily run was diluted 1000-fold with phosphate/gelatin buffer. The unused portion of the dilute antiserum was discarded at the end of each day.
Procedure
Free and conjugatedestrogensare concentrated on Am- antiserum, and incubate all tubes at 4 #{176}C for 1 h. Add 0.2 mL of the cold charcoal suspension, mix, and allow to stand for 20 mm at 4#{176}C. Centrifuge at 2300 rpm for 10 mm and decant the supernate into 10 mL of scintillation fluid. Measure the radioactivity of the bound tritiated estradiol in the supernatant fluid of all standard and unknown sample tubes. Calculate the ratio of bound to maximum bound, and a mean regression line for the standard curve (we used a Textronics 31 electronic computer), and use these to determine estrogen concentrations.
The following equation was used to correct for recovery and dilution and to convert nanograms per tube to micrograms per liter: counts recovered Plot value (ng) X 17.5 X zg/L counts added
Results and Discussion
Extraction of estrogens into organic solvents is generally preceded by acid-hydrolysis to hydrolyze the water-soluble glucuronide conjugates. However, during hydrolysis, salts and non-hydrophobic organic materials such as urea and sugar, if present, destroy a substantial amount of estrogens, particularly estriol. In the presence of glucose, the loss of estrogens The results of 15 determinations of each were 6.4 ± 0.3,41.8 ± 1.8, and 100.3 ± 3.8 tg/L. Between-run precision was determined by assaying a lyophilized urine control, in duplicate, for 15 runs. The mean value (±SD) of this urine was 16.8 ± 3.3 ig/L.
We used an antibody with complete cross reactivity for. estradiol, estriol, and estrone, so the contribution of each estrogen was a direct function of its fraction of the total estrogen concentration. Table 1 illustrates that analytical recovery of total estrogens through the entire procedure is well within acceptable limits when urine is supplemented with various concentrations of either conjugated estrone, estradiol, or estriol.
To compare the present method with a standard fluorometric assay (4) 
